Introduction {#s1}
============

Methotrexate (MTX) is an anticancer drug classified as folic acid antimetabolite of folic acid and widely used in chemotherapy. Intestinal mucositis seen in 40% of patients receiving chemotherapy at standard doses, while this rate has been reported as almost 100% at high doses \[[@r2], [@r24]\]. This indicates that, intestinal mucositis is one of the major problems arising in the patients receiving cancer treatment. Hoekstra *et al.* demonstrated that MTX leads to gastrointestinal damage at high doses \[[@r10]\]. Also, MTX can cause fatal gastrointestinal damage even in low doses \[[@r30]\]. Reactive oxygen species (ROS) are known to have a role in the pathogenesis of tissue toxicity caused by MTX. MTX has been shown to increase myeloperoxidase (MPO), neutrophil infiltration and decrease antioxidant glutathione by increasing the production of ROS \[[@r11], [@r21]\]. Kolli *et al.* reported that, oxidants such as malondialdehyde (MDA) which is a product of lipid peroxidation and MPO which is the marker of neutrophil activation and infiltration increase, while the levels of non-enzymatic and enzymatic antioxidants such as glutathione (GSH), glutathione reductase (GSHRd), glutathione peroxidase (GSHPx), glutathione s-transferase (GST), catalase (CAT) and superoxide dismutase (SOD) decrease in MTX induced small intestine mucositis \[[@r13]\]. Elevation in the oxidant parameters and reduction in the antioxidant parameters in duodenal and jejunal tissues given MTX have also been emphasized in the experimental trials by Kaynar *et al.* and Gulgun *et al.* \[[@r9], [@r12]\].

It is understood from the literature that mucositis is a crucial pathology which begins with oxidative stress, continues with inflammatory reaction and leads to ulcer \[[@r15], [@r19]\]. This information from the literature suggests that the chemical agents which features antioxidant, antiinflammatory and antiulcer activities in association may be beneficial for the treatment of mucositis. Nimesulide, a COX selective inhibitor which we tried against MTX mucositis is a drug which has antiinflammatory, analgesic, antipyretic, antioxidant and antiulcer activities together \[[@r26],[@r27],[@r28]\]. This information indicates that nimesulide may be useful in the prevention of MTX mucositis. The objective of this study was to investigate the protective effect of nimesulide in duodenal and jejunal mucositis induced with MTX in rats.

Materials and Methods {#s2}
=====================

Animals
-------

Experimental animals were supplied from Recep Tayyip Erdogan University Medical Experimental Application and Research Center. A total of 24 male albino Wistar rats, each weighing 230--245 g, were randomly chosen, and divided into three groups with 8 rats in each group. The rats were kept and fed in the pharmacology laboratory at normal room temperature (22°C). Animal experiments were performed in accordance with the National Guidelines for the Use and Care of Laboratory Animals and were approved by the local animal ethics committee of Recep Tayyip Erdogan University, Rize, Turkey (Ethics Committee Number: 2015/30).

Chemical agents
---------------

Thiopental sodium used in the experiment was supplied from I.E. Ulagay-Turkey, nimesulide from Deva-Turkey and MTX from Med-ilac-Turkey.

Experimental procedure
----------------------

Experimental animals were divided into the control group, MTX group (MTXG) and nimesulide+MTX administered group (NMTXG). The control and MTXG groups were given distilled water at the same volume by gavage and the NMTXG was given nimesulide 100 mg/kg orally. After one hour, the NMTXG and MTXG rat groups were administered oral MTX 5 mg/kg. This procedure was repeated once a day for 15 days. At the end of this period, all the animals were sacrificed using high dose of thiopental sodium anesthesia. The duodenum and jejunum of each rat was removed for the assessment of biochemical markers (MDA, MPO, tGSH, GSHRd, GSHPx, CAT and SOD). Histopathological features of the duodenal and jejunal tissues were also assessed. The results obtained in the NMTXG were compared to those of the healthy and MTXG groups.

Biochemical analyses
--------------------

We checked weight of samples, and after those cutting samples, rapidly frozen with liquid nitrogen and homogenized by pestle and mortar; maintained samples at 2--8°C after melting. We added PBS (pH 7.4), 1/10 (w/v), after that vortex for 10 s, centrifuged 20 min at 10,000 × g and collected the supernatants carefully. The solution was then aliquoted, kept one for examination and frozen the others for later use.

The levels of MDA and tGSH were measured using according to a commercial kit supplied by Eastbiopharm Co., Ltd., ELISA kit, China.

For determination of MPO in the small intestine tissue homogenates, pH=6 potassium phosphate buffer containing 0.5% HDTMAB (0.5% hexadecyl-trimethyl ammonium bromide) was prepared. The mixture then was centrifuged at 10,000 rpm at 4°C for 15 min. Supernatant part was used as analysis sample. In determination of MPO enzyme activity, oxidation reaction with MPO mediated H~2~O~2~ which included 4-amino antipyrine phenol solution as substrate was used \[[@r5]\].

Glutathione peroxidase (GSHPx) was determined by monitoring NADP^+^ production at 340 nm and 25°C. The assay mixture contained 10 mm magnesium chloride, 0.2 mM NADPH, 0.1 U/ml GSHRd and 0.1 m GSH in 100 mm tris-hydrochlorid buffer solution at pH 8.0. Assays were carried out in triplicate and the activities were followed up for 60 s. One unit of activity (U) is defined as the amount of enzyme required to reduce 1 *µ*mol/min of NADPH under the assay conditions. The activity of GSHPx was calculated using the extinction coefficient of 6.22 mm cm^−1^ \[[@r4]\].

GSHRd enzyme activity was measured by Beutler's method \[[@r4]\]. One enzyme unit is defined as the oxidation of 1 mmol NADPH per min under the assay condition (25°C, pH 8.0). Final concentrations of reaction mix are 0.68 mM EDTA, 20 mM K-Phosphate, pH: 7.6, 0.2 mM NADPH and 2 mM GSSG.

We used the methodology of the Aebi for measuring CAT activity \[[@r1]\]. In this method, 20 ml enzyme solution was added to the 1 ml 10 mM H~2~O~2~ in 20 mM potassium phosphate buffer (pH 7.0) and incubated at 25°C for 1 min. Initial reaction rate was measured from the decrease in absorbance at 240 nm \[[@r1]\].

Superoxide dismutase (SOD) activity was based on the generation of superoxide radicals produced by xanthine and xanthine oxidase, which reacts with nitro blue tetrazolium to form formazan dye. SOD activity was then measured at 560 nm by the degree of inhibition of this reaction \[[@r29]\].

Histopathological study
-----------------------

The duodenal and jejunal tissues taken from the rats were fixed in 10% formalin for 24 h. Following the routine procedures, 4 *µ*m-sections obtained from paraffin blocks were stained with haematoxylin and eosin stain. Villus epithelial cells, villus structure, polymorphonuclear leukocytes (PMNL), mixed cellular infiltration, crypt and dilated congested capillaries were examined under light microscope (Olympus BX 52, Tokyo, Japan) by two pathologists who were blinded to the treatment protocols. Histological findings were evaluated based on a three-point scoring in order to compare the severity of the damage: 1 point was accepted as mild damage while 2 points were considered as moderate damage, and 3 points as severe damage. Healthy tissue was accepted as 0 point.

Statistical analysis
--------------------

Statistical analyses were carried out using the Statistical Package for Social Sciences, Windows version 18.0 (SPSS, Chicago, IL, USA). Descriptive statistics for each variable were determined. Normality of the data distribution was assessed with the Kolmogorov-Smirnov test. Results for continuous variables were demonstrated as mean ± standard deviation (mean ± SD). The significance of differences between the groups was determined using the one-way ANOVA test followed by Fisher's post-hoc LSD (least significant differences) analysis. A *P* value less than 0.05 was considered significant.

Results {#s3}
=======

Biochemical results
-------------------

1\) Duodenal tissues

As shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.The effects of nimesulide on MDA and MPO levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with the MTXG and control groups. **\*\***: *P*\<0.001., the amount of MDA in the duodenal tissue was 0.95 ± 0.03 nmol/ml in the control group, while these values were increased to 1.34 ± 0.07 nmol/ml in those administred MTX. However, nimesulide decreased the elevation of MDA with MTX to 1.05 ± 0.04 nmol/ml.

MPO activity was found as 3.23 ± 0.29 U/ml in the control group, 5.93 ± 0.35 U/ml in MTX administered group and 3.65 ± 0.28 U/ml in the NMTXG ([Fig. 1](#fig_001){ref-type="fig"}).

While the amount of tGSH was 1317 ± 15 mg/l in the control group, MTX decreased tGSH down to 352 ± 9 mg/l and nimesulide increased tGSH up to 1,307 ± 17 mg/l ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.The effects of nimesulide on tGSH levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with the MTXG and control groups. **\*\***: *P*\<0.001.).

In addition; GSHPx, GSHRd, CAT and SOD activities were respectively found as 0.00613 ± 0.00048, 0.632 ± 0.016, 0.0421 ± 0.0007 and 23.7 ± 2.3 U/ml in the control group. These parameters were found as 0.000719 ± 0.00008, 0.168 ± 0.018, 0.037 ± 0.003 and 10.6 ± 0.5 U/ml in the MTXG. Nimesulide prevented the reduction of GSHPx, GSHRd, CAT and SOD activities that were decreased with MTX, to 0.00571 ± 0.00051, 0.504 ± 0.01, 0.0420 ± 0.001, 18.6 ± 0.6 U/ml ([Figs. 3](#fig_003){ref-type="fig"}Fig. 3.The effects of nimesulide on GSHPx levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with the MTXG and control groups. **\*\***: *P*\<0.001., [4](#fig_004){ref-type="fig"}Fig. 4.The effects of nimesulide on GSHRd levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with the MTXG and control groups. **\*\***: *P*\<0.001., [5](#fig_005){ref-type="fig"}Fig. 5.The effects of nimesulide on CAT levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with the MTXG and control groups. **\*\***: *P*\<0.001., [6](#fig_006){ref-type="fig"}Fig. 6.The effects of nimesulide on SOD levels in the duodenum and jejunum tissues of rats given methotrexate. Bars are mean ± SD. The NMTXG is compared with MTXG and control groups. **\*\***: *P*\<0.001.).

2\) Jejunal tissues

As shown in [Fig. 1](#fig_001){ref-type="fig"}, MTX significantly increased the amount of MDA (1.399 ± 0.018 nmol/ml) also in jejunal tissue compared to the control (0.850 ± 0.084 nmol/ml) and NMTXG (1.041 ± 0.015 nmol/ml) groups. While MPO activity was increased also in the group administered MTX (6.6 ± 0.4 U/ml), no statistically significant was observed between the NMTXG (4.1 ± 0.2 U/ml) and control (3.9 ± 0.4 U/ml) groups in MPO values.

Similarly, MTX decreased tGSH also in the jejunal tissue (532 ± 36 mg/l). Nimesulide prevented reduction of tGSH with MTX in the jejunal tissue. The tGSH values were found as 1,364 ± 36 mg/l in the NMTXG and 1,431 ± 17 mg/l in the control group ([Fig. 2](#fig_002){ref-type="fig"}).

Enzymatic antioxidant parameters; GSHPx, GSHRd, CAT and SOD activities were respectively found as 0.00511 ± 0.0002, 0.739 ± 0.022, 0.0527 ± 0.006 and 18.0 ± 3 U/ml in the control group. These parameters were found as 0.00509 ± 0.0002, 0.707 ± 0.019, 0.0512 ± 0.006 and 14.8 ± 2.5 U/ml in the NMTXG and 0.000531 ± 0.00003, 0.124 ± 0.009, 0.0268 ± 0.006 and 8.5 ± 0.6 U/ml in the MTXG ([Figs. 3](#fig_003){ref-type="fig"}, [4](#fig_004){ref-type="fig"}, [5](#fig_005){ref-type="fig"}, [6](#fig_006){ref-type="fig"}).

Histopathological findings
--------------------------

1\) Duodenal tissues

[Figure 7a](#fig_007){ref-type="fig"}Fig. 7.Sections of the duodenum (a--d) and jejunum tissue (e--h). (a) Normal duodenal tissue of the control group, **(**b**)** Surface villus epithelial damage (line arrow), mucosal crypt damage (straight arrow), mixed inflammatory cell infiltration containing PMNL (circle arrow), and dilated congested capillaries (square arrow) of the MTXG, (c) mixed inflammatory cell infiltration containing PMNL and eosinophils of the MTXG, (d) Mild irregularities in the villus structures (circle arrow) and localized areas which contains dilated congested capillaries (square arrow) of the NMTXG, (e) Normal jejunal tissue of the control group, (f) Near-total necrosis in villus structures (line arrow), mixed inflammatory cell infiltration containing PMNL (square arrow), mucosal crypt damage (circle arrow), surface epithelial and villus damage (long straight arrow), and dilated congested capillaries (short straight arrow) of the MTXG, (g) mixed inflammatory cell infiltration containing PMNL and eosinophils of the MTXG, (h) Mild irregularities in the villus structures (line arrow) and localized areas which contains dilated congested capillaries (square arrow) of the NMTXG. HE. Original magnification. a,b,d,e,f,h ×100; c,g ×400. shows normal histopathological appearance of the duodenal tissue in control group. [Figure 7b](#fig_007){ref-type="fig"} shows villus epithelial damage, mucosal crypt damage, mixed inflammatory cell infiltration containing PMNL and dilated congested capillaries in the duodenal tissue of MTXG. Also, [Fig. 7c](#fig_007){ref-type="fig"} shows mixed inflammatory cell infiltration containing PMNL and eosinophils in the duodenal tissue of MTXG. In [Fig. 7d](#fig_007){ref-type="fig"}, mild irregularities in the villus structures and localized areas which contains dilated congested capillaries are seen in the duodenal tissue of NMTXG which was treated with nimesulide. As seen in [Table 1](#tbl_001){ref-type="table"}Table 1.Results of histopathologic scorings in duodenum tissues of MTXG, NMTXG and control groupsPathological findingsMTXGNMTXGControlNumber of animals examined888Villus epithelial damage3^a^0^b^0Damage in the villus structures3^a^1^b^0Mucosal crypt damage3^a^0^b^0PMNL infiltration2^a^0^b^0Mixed inflammatory cells2^a^0^b^0Dilated congested capillaries2^a^1^b^0^a^Significantly different from control group (*P*\<0.001). ^b^Significantly different from MTXG (*P*\<0.001)., severe damage in the crypt structures, villus and villus epithelial cells, moderate PMNL infiltration, mixed inflammatory cells and dilated congested vessels were observed in the mucosa of MTXG. However, there were only mild dilated congested vessels and mild damage in the villi in NMTXG. There was a statistically significant difference between the damage observed in MTXG and that of NMTXG (*P*\<0.001).

2\) Jejunal tissues

[Figure 7e](#fig_007){ref-type="fig"} shows no pathological finding in the jejunal tissue of control group. However, near-total necrosis in villus structures, damage in villus epithelial cells, mucosal crypt damage, mixed inflammatory cell infiltration containing PMNL and dilated congested capillaries are monitored in the jejunal tissue of MTXG ([Fig. 7f](#fig_007){ref-type="fig"}). [Figure 7 g](#fig_007){ref-type="fig"} shows mixed inflammatory cell infiltration containing PMNL and eosinophils in the jejunal tissue of MTXG. In [Fig. 7h](#fig_007){ref-type="fig"}, mild irregularities in the villus structures and dilated congested capillaries in the mucosa are seen in the jejunal tissue of NMTXG which was treated with nimesulide. As seen in [Table 2](#tbl_002){ref-type="table"}Table 2.Results of histopathologic scorings in jejunum tissues of MTXG, NMTXG and control groupsPathological findingsMTXGNMTXGControlNumber of animals examined888Villus epithelial damage3^a^0^b^0Damage in the villus structures3^a^1^b^0Necrosis in villus structures3^a^0^b^0Mucosal crypt damage3^a^0^b^0PMNL infiltration3^a^0^b^0Mixed inflammatory cells3^a^0^b^0Dilated congested capillaries2^a^1^b^0^a^Significantly different from control group (*P*\<0.001). ^b^Significantly different from MTXG (*P*\<0.001)., severe damage in the villus, crypt structures and villus epithelial cells, severe PMNL, mixed inflammatory cellular infiltration and moderate dilated congested blood vessels in the jejunum of MTXG. Whereas, mild dilated congested vessels were seen in NMTXG administered nimesulide. Additionally, mild damage was observed in the villi of NMTX group. The damage in the jejunal tissue of MTXG was significantly higher compared to that of NMTXG (*P*\<0.001).

Discussion {#s4}
==========

This study investigated the protective effect of nimesulide on duodenal and jejunal mucositis induced by MTX in rats. Our biochemical results indicate that MTX increased the levels of oxidants such as MDA and MPO and decreased the levels of endogenous antioxidants such as tGSH, GSHPx, GSHRd, CAT and SOD in the duodenal and jejunal tissues of rats. In addition, MTX caused damage to the villus, villus epithelial cells and crypt structures, mixed inflammatory cellular infiltration and dilated congested blood vessels in the intestinal tissue. We demonstrated that nimesulide prevented the increase of oxidants, decrease of antioxidants and histopathologic damage by MTX in the intestinal tissue. Kolli *et al.* demonstrated that higher dose of MTX then we used led to oxidative mucosal damage in the rat small intestines \[[@r14]\]. However, it was also reported that even lower doses of MTX (2.5 mg/kg) leads to marked oxidative damage in rat small intestines \[[@r3]\]. Oxidative stress is a change in oxidant/antioxidant balance in any tissue in favour of oxidants \[[@r31]\]. The increased levels of MDA and MPO, and decreased levels of tGSH, GSHRd, GSHPx, CAT and SOD in the rats given MTX in the present study confirm the results of Kolli *et al.* \[[@r13]\]. Moghadam *et al.* reported that MTX leads to oxidative stress in rat small intestine by increasing the amount of MDA and decreasing activities of some enzymatic antioxidants such as SOD, GSHPx and CAT \[[@r18]\].

In our study, nimesulide which was used against MTX damage prevented impairment of oxidant/antioxidant balance in small intestines tissue of rats. In addition, it was found that nimesulide largely restored histopathological disorders in the small intestines caused by MTX. As far as we know, there is no study in the literature on the protective effect of nimesulide against small intestinal mucositis induced by MTX. However, there are some studies demonstrating that nimesulide protects gastric and hepatic tissues against oxidative stress at a dose of 100 mg/kg \[[@r8], [@r28]\]. It has been reported that nimesulide and its metabolites may prove useful in prevention of acute and chronic free radicals mediated tissue damage \[[@r16]\].

Marked villus and crypt epithelial damage and mixed inflammatory cell infiltration containing PMNL and eosinophil leukocytes and hemorrhage which reflect mucositis were monitored in MTXG group in which oxidant parameters were increased and antioxidant parameters decreased. Kaynar *et al.* demonstrated that oxidant parameters were increased and antioxidant parameters decreased in small intestines of the rats administered MTX, in addition reported marked villus and crypt epithelial damage, mixed inflammatory cell infiltration containing PMNL and eosinophil leukocytes \[[@r12]\]. MTX was reported to cause hyperemia, inflammatory cell infiltration and loss of villus epithelial cells in the small intestines of rats \[[@r6]\]. In another study, MTX has been reported to lead to the cellular loss, severe villus atrophy and PMNL leukocyte infiltration \[[@r7]\]. In addition to these histopathological findings, MTX is known to cause intestinal hemorrhage \[[@r18]\]. Some studies emphasize that MTX creates more severe damage in the jejunum than in the duodenum \[[@r17], [@r25]\]. However, in our study histological findings in the duodenal and jejunal tissues administered MTX were almost similar. Mild irregularities in the villus structures and dilated congested capillaries in the mucosa are seen in the duodenal and jejunal tissues of the animals treated with nimesulide. In addition, nimesulide was found to decrease severity of mixed inflammatory cell infiltration and shrink hemorrhage areas that were increased with MTX. It has been reported that nimesulide prevents intestinal pathology induced with acetic acid and leukotriene in rats and decreases the activity of MPO which is a proinflammatory parameter \[[@r22]\]. Inflammation and increased MPO expression are important markers of intestinal mucositis \[[@r23]\]. Nimesulide has also been found to suppress MPO and significantly prevent the reduction of GSH that were increased in intestinal tissue created with burn \[[@r20]\].

In conclusion; MTX leads to oxidative stress and mucosal damage in the duodenal and jejunal tissues of rats. Nimesulide prevents duodenal and jejunal damage induced with MTX. Beneficial effects of nimesulide on intestinal mucositis might be resulted from its antioxidant, antiinflammatory and antiulcer activities. Nimesulide may be useful in the prevention of intestinal mucositis caused by MTX.
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